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COMPREHENSIVE RADIOLOGICAI, SURVEY

OFF-SITE PROPERTY B
NIAGAM FAI"LS STORAGE SITE

LEI,IISTON, NEI'I YORK

INTRODUCTION

Begion ing  in  1944,  the  Manhat tan  Eng ineer  D is t r i c t -and i t s  successor '

the Atomic Energy Cornmissioo (AEC), used Port ions of the Lake Ontar io

Ordnaoce Works (now kaown as the Niagara Fal ls Storage Site (NFSS) and

assoc ia ted  o f f -s i te  p roper t ies )  approx imate ly  3  km nor theas t  o f  Lewis ton '

New Yotk ,  fo r  s to rage o f  rad ioac t ive  wastes .  These wastes  were  pr imar i l y

res idues  f rom uran ium process ing  oPera t ions ;  however ,  they  a lso  inc luded:

cootamiaated rubbLe and scrap from decoumissioaing act iv i t ies, biological

and misce l laneous ,was tes  f rom the  Un ivers i ty  o f  Rochester ,  and low- leve l

f ission-product waste from contaminated-l iquid evaPoratots at the Kno11s

Atomic Power Laboratory (Xgpl) .  Receipt of  radioact ive waste was

discont inued in Ig54, and foLlowing cleaaup act iv i t ies by Booker Chemical

co . ,  525 hec tares  o f  the  or ig inaL 6 l2 -hec tare  s i te  were  dec la red  surp lus '

This property was eventual ly sold by the General  Services Administrat ion to

various pr ivate, c.m-ercial ,  and governmental  agencies.I

SCA Chemical Senrices, Inc. (SCA) is the current o\tner of a tract

ident i f ied  as  o f f -s i te  p roper ty  B  (see F igure  l ) .  A  rad io log icaL survey  o f

tha t  t rac t , ,  conducted  June th rough Septenber  1983,  i s  the  sub jec t  o f  th is

r e p o r t .

SITE DESCRIPTION

F i g u r e 2 i s a p l o t p l a n o f o f f - s i t e p r o P e r t ' y B . T h e p r o P e r t y i s

rectangular in shape and measures approximately 500 n long by 495 n wide'

I t  occup ies  a  to ta l  a rea  o f  25  hec tares .  MacAr thur  S t ree t  de l ineates  Ehe

west boundary and I t I I rr  Street,  the north boundary; a haul road'  along what

was prev ious ly  a  ra i l road t rack ,  i s  the  south  boundary .  The eas tern

boundary  i s  a  cha in  l ink  fence.  An ou t -o f -serv ice  ra i l road t rack  para l le ls

the eastern perimeter.  There are two int ,er ior rOads, t tJt t  Street and

Marsha l l  s t ree t .  A  warehouse hav ing  a  f loor  a rea  o f  approx imate ly  1800 n2



i s  loca ted  be tveen l la rsha l1  S t ree t  and

nor theas t  por t ioa  o f  the  ProPer ty '  There

in te rsec t ion  o f  ' rEr r  and Marsha l l  S t ree ts '

scA is construct ing a ne\r landf i l l  ou Ehe northwest port ion of the

si te and the warehouse is curtent ly used for temporary storage of chemical

l rastes. The remainder of the ProPelty is not in use and is heavi ly

overgto\fn \r i th brush and trees. The southeastern port ion is swamPy and

some smal l  areas are inaccessible due to surface statet '

Rad io loe ica l  l l i s to rv

There is no evidence of contaminated mater ial  bur ials on off-s i te

property B; however,  the LgTL-72 AEC survey ident i f ied elevated radiat ion

teve ls  near  the  warehouse poss ib ly  the  resu l t  o f  p rev ious  s to rage o f

contan ina ted  mater ia ls  in  th is  bu i ld ing . l  ' 2  So i l  samples  f rom th is

ptoperty have indicated elevated cotrcentrat ions of uraniu'm' radir :n '  and

cesir .m.1 Decontaminat iou efforts fol lowiag the L97L-72 survey l tete not

successful  in completely el in inat ing the elevated radiat ion 1evels near the

w a r e h o u s e . T h e l g S 0 n o b i l e s c a a b y o a k R i d g e N a t i o n a l t a b o r a t o r y r e v e a l e d

above background coodit ious st i l1 Present along Marshal l  St ' reet in the

v ic in i ty  o f  the  warehouse bu i ld ing '3

SURVEY PROCEDURES

The compreheosive survey of NFSS off-s i te ProPerty B was perfonned by

the  Rad io log ica l  S i te  Assessment  Program o f  oak  R idge Assoc ia ted

universi t ies (oRAU), dur ing June-september I  9A '  The survey l tas in

accordance w i th  a  p lan  da ted  February  3 ,  1983,  approved by  the  DePar tment

o f  Energy .  The ob jec t ive  and procedures  f rom tha t  p lan  are  presented  in

t h i s  s e c t i o n .

t h e  r a i l r o a d  t r a c k s ,  i n

is a paved Parking area at

the

the



0 b i e c t i v e

The ob jec t ive  o f  the  survey  was to  p rov ide  a  comprehens ive  assessuent

o f  t h e  r a d i o l o g i c a l  c o n d i t i o n s  a n d  a s s o c i a t e d  p o t e n t i a l  h e a l t h  e f f e c t s ,  i f
anY,  on  Proper ty  B .  Rad io log ica l  iu fo rmat ion  co l lec ted  inc luded:

1.

2 .

3 .

4 .

d i rec t  rad ia t ion  exposure  ra tes  and sur face  be ta-garnma dose

r a t e s ,

loca t ions  o f  e leva ted  sur face  res idues ,

concent ra t ions  o f  rad ionuc l ides  in  sur face  and subsur face  so i l ,

concentrat ions of radionucl ides in ground water,  and

surface contarainat ion levels in the warehouse.

Brush and weeds were cleared as needed to provide access for

gr idding and sunreying and a 40 n gr id system lras establ ished by

Mcrn tosh  and Mcrn tosh  o f  Lockpor t ,  Ny ,  uuder  subcont rac t .  The

grid system is shown on Figure 3.

Walkover surface scans were conducted over al l  accessible areas

of  the  proper ty .  scann ing  in tenra ls  were  r -2  n  a loag a l l  roads ,

in areas previously ident i f ied as having elevated radiat ion

Leve ls ,  and in  o ther  a reas  where  d i rec t  rad ia t iou  measurements

suggested  poss ib le  contaminated  res idues .  Traverses  were  a t

2 -5  n  in tenra ls  on  those areas  tha t  were  re la t i ve ly  inaccess ib le

and had no history of radioact ive use. portable ganm:l  Nar(Tl)

sc in t i l l a t ion  survey  meters  nere  used fo r  the  scans .  Locat ions

of  e leva ted  contac t  rad ia t ion  leve ls  were  no ted  and sur face

exposure  ra tes  l re re  measured a t  these loca t ions .

Gamna exposure rate Eeasurements were made at the surface and at

I  m above the  sur face  a t  40  n  g r id  in tenra ls .  Measurenents  were
per fo rmed us ing  por tab le  ganma Nar (T l )  sc in t i l l a t ion  survev

Procedures

1 .

2 .

3 .



4 .

meters .  convers ion  o f  lhese measurements  to  exPosure  ra tes  i i l

m ic roroentgens  per  hour  (  u  R/h)  was in  accordance w i th  c toss

ca l ib ra t ion  w i th  a  Pressur ized  ion iza t ion  chamber '

Beta-ganna dose rate measurements l tele Performed I  cm above the

surface at 40 n gr id iuterrrals '  These measuremenls were

conducted using thin-window (<7 ng/cn2) G-M detectors 
'and

por tab le  sca le r / ra teoeters .  MeasureBents  were  a lso  ob ta ined w i th

Ehe detector shielded to evaluate contr ibut ioos of nonPetretrat ing

beta and low-energy gatrma radiat ions. l leter readings wete

conver ted  to  dose ra tes  in  mic rorads  per  hour  (  u rad /h)  based ou

c r o s s c a l i b r a t i o n w i t h a t ' h i n - w i n d o w i o n i z a t i o o c h a m b e r .

) .

6 .

Sur face (0-15 cn)

col lected at  each

Detect ion Sciences GrouP of

penetrating radar surveYs at

assure that subsurface PiPing

duriug dri lLiug- Iu some

s1 igh t1y .

soi l  samples of approximately I  kg each were

access ib le  40  n  g r id  in tenra l '

Carl is le,  l lA, Perf  orned ground-

proposed boreho le  loca t ions  to

and ut i l i t ies \ tere not damaged

cases ,  boreho les  were  re loca ted

At l0cat ioas of elevated surface radiat ion 1evels '  beta-ga'nma

d o e e r a t e s a n d e x P o s u r e r a E e s a t l m a b o v e t h e s u r f a c e w e r e a l s o

m e a s u r e d . S u r f a c e s a o p l e s ! ' e r e o b t a i n e d f r o m t h e s e l o c a t i o n s

and, foLlowing sampLing, the surface exposure levels were

remeasured for comparison with presampling levels '

7 .

S . B o r e h o l e s w e r e d r i l l e d t o p r o v i d e a n e c h a n i s m f o r l . o g g i n g

s u b s u r f a c e d i r e c t r a d i a t i o u p r o f i l e s a n d c o l l e c t i n g s u b s u r f a c e

so i l  and water  samples .  Th i r teen boreho les  were  dr i l led  by  s i te

Eng ineers ,  Inc ' ,  o f  Cher ry  E i l l '  NJ '  us ing  a  t ruck  mounted 20  cn

d i a ' m e t e r h o l l o w - s t e m a u g e r . T h e l o c a t i o n s o f t h e s e b o r e h o l e s a r e

shown on Figure 4'



Gamma rad ia t ion  scans  were  per fo rmed in  the  boreho les  to  ident i f y

the  l0ca t ions  o f  e leva ted  d i rec t  rad ia t ion  leve ls  wh ich  n igh t

ind ica te  subsur face  res idues '  Rad ia t ion  pro f i les  were  de termined

by measuring ganma radiat ion at 15-30 cn intervals betweeu the

surface and grouod water or the hole bottom' A col l i rnated gamma

sc in t i l l a t iou  de tec tor  and por tab le  sca le r  were  used fo r  these

measutenent 's.

Ground water  samples  o f  approx imate ly  3 .5  l i te rs  l te re  co l lec ted

f rom s ix  boreho le  loca t ious '  The samples  were  co l lec ted  us iag  a

hand bai ler.  SoiI  samples of approximately I  kg each were

co l lec ted  f rom var ious  depths  in  the  boreho les  by  serap ing  the

s i d e s o f t h e h o l e w i t h a n O R A U d e s i g n e d s a n p l i n g t o o ] . .

9.  Surf  ace ganma scans and exPloratory alpha and beta-gama

measurexnenE,s were conducted in the warehouse. Results indicated

u o n u n i f o r m c o n t a m i n a t i o n o f i n t e r i o r s u r f a c e s , r e q u i r i n g a

thorough su:rrey of the bui ldiug. The f loor and lower wal ls ( to

2 n ) I ' e r e g r i d d e d a t 2 m i n t e : r r a l s . G a n m a s c a o s w e r e p e r f o r m e d

and l0cat ions of elevated cotr tact radiat ion levels l tere noted'

G a m m a e x P o s u r e r a t e s a t l n a b o v e t h e f l o o r \ ' e r e m e a s u r e d

througbout each room. TotaL alpha and beta-ganma cootamination

1evels and transferable alpha aod beta coataninat ion wele

measured using portable detectors and smears '  resPect ively '

Measurenents l rere at approximately I  m intervals on al l  gr idded

l o w e r s u r f a c e s ; o n u P P e r w a l l s a n d c e i l . i n g s u r f a c e s a m i n i m u m o f

one set of  measurements Per l0 rn2 \ tas perf  ormed '  Samples of

s c r a p i n g s f r o m s e v e r a l f l o o r c r a c k s w e r e o b t a i n e d f o r a n a l y s i s .

F i g u r e 5 i s a p l o t p l a n o f t h e w a r e h o u s e f a c i l i t y , i n d i c a t i n g

re ference des ignat ions  ass igned to  var ious  rooms '

l 0 . T w e n t y s o i l s a m p ! . e s a n d s e v e n w a t e r s a m p l e s w e r e c o l l e c t e d f r o m

t h e L e w i s t o n a r e a ( b u t n o t o n N F s s o r a s s o c i a t e d o f f - s i t e

p r o p e r t i e s ) t o p r o v i d e b a s e l i n e c o n c e n t r a t i o n s o f r a d i o n u c l i d e s

f o r c o m p a r i s o n P u r P o s e s . D i r e c t b a c k g r o u n d r a d i a t i o n l e v e l s w e r e



B e a s u r e d  a t  l o c a t i o n s  w h e r e  b a s e l i n e  s o i l

The loca t ions  o f  the  base l ine  samples  and

are shown on Figure 6 '

s a m p l e s  w e r e  c o l l e c t e d '

background measur emeuts

Radiurn-226 was the

rev iewed for  U-235,

Water samPles and

and gtoss beta

app l icab le  gu ide l ines  fo r

s i tes ,  wh ich  are  Presented

Sample  Aaa lvs is  and In te rore ta t ion  o f  Resu l ts

Soi l  samples \ tete anaLyzed by ganma sPectronetry '

na jo r  rad ionuc l ide  o f  concern ,  a l though sPect la  were

U-23 8, Th-232, Cs-l37 r  and other gamma emitters '

bui lding snears \ tete analyzed for gross alpha

concent ' !a t ions .

Addit ional ioformation concerning analyt ical  equipnent and procedures

is in ApPendix A.

ResuLts of this survey were compared to the

forrnerly uti l ized radioactive materials handling

in Appendix B"

RESULTS

Background Levels aad Basel iue Concentrat lons

Backgrouud exPosure rates and basel ine radionucl ide concentrat ions in

so i l ,  de te tmiaed fo r  20  loca t ions  ( f igure  6)  in  the  v ic ia i ty  o f  the  NFSS'

are  presented  in  Tab le  1 -A.  Exposure  ra tes  ranged f rom 6 '8  to  8 '8  uR/h

( t y p i c a l l e v e l s f o r t h i s a r e a o f N e w Y o r k ) . C o n c e n t r a t i o n s o f

rad ionuc l ides  in  so i l  were :  Ra-226,  <0 .09  Eo L .22  pcL |g  (p icocur ies  Per

g r a m ) ;  U - 2 3 5 ,  < 0 . 1 4  t o  0 . 4 6  p C L / Z ;  U - 2 3 8 ,  < 2 ' 2 0  t o  6 ' 2 6  p c : . , l e ;  T h - 2 3 2 '  0 ' 3 2

t o t . l S p c i / s ; a u d C s - 1 3 7 , ( 0 . 0 2 t o 1 . 0 5 p c i / g . T h e s e c o n c e n t r a t i o n s a r e

typ ica l  o f  the  rad ionuc l ide  leve ls  normal ly  encountered  in  sur face  so i l s '

Rad ioac t iv i t y  leve ls  in  base l ine  water  samples  are  presented  in

Tab le  l -B .  The gross  a lpha and gross  be ta  concent ra t ions  ranged f ron  0 '55

r o  1 . 8 7  p h i / l  ( p i c o c u r i e s  p e r  l i t e r )  a n d  < 0 ' 6 3  t o  1 4 ' 3  p c i / l '  r e s P e c t i v e l y '

These are typical  of  concenErat ions normal ly occurr ing in surface l tater '



)

D i rec t  Rad ia t ion  Leve ls

Di rec t  rad ia t ion  1eve ls ,  measured a t  40  n  g r id  in tenra ls '  a re

presented in TabLe 2. The ganna exPosure rates at I  m above the surface at

rhese gr id  po in ts  ranged f rom 4  to  12  uR/h  (average 7  UR/h)  '  sur face

contact gaf i t ra exposure rates and beta-gamma dose rates ! 'ete 4 to 14 UR/h

(average 7  uR/h)  and 4  to  44  urad /h  (average 14  prad /h) ,  resPect ive ly '  A t

most  loca t ions ,  measureuents  per fo rmed w i th  the  de tec tor  sh ie lded averaged

approximately 207. less than those with the unshielded detector '  This

ind ica tes  on ly  a  smal1  Po l t iou  o f  the  sur face  dose ra te  i s  due to

nonpenetrat ing beta or Low-energy photon radiat ions '

The wal-kover survey ident i f  ied isol 'ated sPots of elevated contact

rad ia t ion  leve l .s  in  the  v ie in i ty  o f  the  watehouse '  These loca t ions  are

iudicated on Figure 7 and associated radiat ion levels are presented iu

Table 3. Surface contact gal l lm exPosule rates at these locat ions ranged

from 12-190 UR/h; the maximum ! i las measured at gr id point 4LAI '  14558'

Exposure lates at 1 n above the surface ranged from LZ t 'o 40 Un/h'

Beta-ganma dose rates ranged from 2g-1.35A urad/h. The maximum dose rate

was recorded a t  g r id  coord ina te  425N,  1498E '  Contac t  exPosure  ra tes  we le

not reduced by sampLing at Eost locat ions; at  some locat ions radiat ion

leve1s were increased after sample removal '

TabLe 4 l is ts  the concentrat ions of  rad ionucl ides measured in  sur face

soil  from 40 n grid interrrals ' These sauPles contained Ra-226

concenr ra t ions  rang ing  f rom (0 .29  to  3 .43  pc i lg .  The h ighes t  leve l  was  in

the  sampLe co l lec ted  a t .  g r id  po in t  429N'  1486E '  near  the  warehouse '  A  few

addit ional eamples contained Ra-226 concentrat ions exceeding those in the

base l ine  so i l ,  bu t  none exceeded 5  pCi /S  above '  the  base l ine  leveL '

Concent ra t ions  o f  U-238,  U-235,  Th-232,  and Cs- l37  were  no t  s ign i f i can t ly

di f ferent from those in basel ine samples. No oEher ganma enit t ing

rad ionuc l ides  were  no ted  in  these samples  '



Radionuc l ide  concent ra t ions  in  samples  f rom loca t ions  o f  e leva ted

cont ,ac t  rad ia t iou  leve ls  a re  p resenLed in  Tab le  5 '  Concent ra t ions  o f

Ra-226 in these samples ranged from 9.53 to 828 pCL/g; the maximum

concent ra t ion  l tas  tseasured in  sample  83  f rom gr id  po in t  397N'  15038 '

Severa l  o f  these samples  a lso  conta ined e l .eva ted  U-238 leve ls ;  the  h ighes t

was 156 pCi /g  in  sarnP le  83 .

BorehOle Garnrna-Loqgiug Measurements

The resu l ts  o f  gauna sc in t i l l a t ion  measutements  in  boreho les  ind ica ted

e leva ted  leve ls  on ly  a t  borehoLe 813;  a t  tha t  loca t ion  the  contaro ina t ion  is

l i rni ted to the uPPer 15 cn. The ga6ma count rates determiued by the

borehole measurements \ tere rel iable indicators of elevated radionucl ide

levels.  Eowever,  the ganma logging data \ f ,as not useful  in quaut i fy ing

radionucl ide concentrat ions in the subsurface soi l ,  because of the varyiog

rat ios of Ra-226, V-235, U-238, Th-232, aad Cs-137 occurr ing iu soi ls from

t h i s  s i t e .

Table 6 preseots the radionucl ide concent, tat ions measured in soi l

samples frora boreholes. Boreholes Hl-g12 did Bot contain radionucl ide

concentrat ions di f fer ing from the ranges in basel ine samples '  Borehole

813,  in  the  v ic in i ty  o f  i so la ted  ho t  sPots  near  the  warehouse '  con ta ined

57,4  p lL lg  o f  Ra-226 a t  the  sur face  bu t  on ly  9 .74  pgL lg  a t  15  cm deep '

Water  samples  co l lec ted  f rom boreho les  conta ined f rom L  '72  to

8 . 1 5  p g i / 1  o f  g r o s s  a l p h a  a n d  2 . 7 8  t o  9 . 9 9  p 6 i / l  o f  g r o s s  b e t a  ( s e e

Tab le  7 ) .  The a lpha conceut ra t ions  are  above the  base l ine  range bu t  a l l

concentrat ions are wirhin ghe EPA Inter irn Drinking WaEer Standards'



The gamma scan of the warehouse ident i f ied cracks and expansion joints

in  the  concre te  f loor  w i th  contac t  rad ia t ion  leve ls  uP to  130 UR/h '  The

rna jo r i t y  o f  these c racks  and jo in ts  were  loca ted  in  rooms l '  2 '  and L2 '

Sanples of residue f  rom these cracks l tere analyzed and the coota'Einant

ident i f ied  as  Ra-226.  Exposure  ra tes  a t  I  m above the  f loo l  th roughout  tbe

bu i ld ing  ranged f rom 6  to  14  un /h .

Tota l  a lpha contaminat ion  ranged uP to  18 ,700 dpn/100 cn2 on  the

f loor ,  520 dpn/100 cn2 on  lower  wa l ls ,  and 7040 dpo/100 c rn2  on  the  uPPer

waLl aud cei l ing surfaces. Beta-gaama contaminat ion Levels reached

135,000 dpro /100 cn2 on  the  f loor  ,  7L4O dpn/100 cn2 on  lower  wa l ls '  and

1 9 1 3 0 0  d p r n / 1 0 0  c m 2  o n  t h e  u p p e t  w a l l s  a n d  c e i l i n g .  R o o m s  1 ,  2 , 3 ,  a n d  L z

have the highest levels of contamitrat ion, al though al l  rooms except 10 and

11 cootain areas which exceed the residual contamiuat ion cr i ter ia '

Eor izon taL  ce i l ing  sur faces  such as  beams,  EVAC duc ts ,  p ipes ,  and ledges

generaLly have elevated total  alpha and beta-ga'rma cootamiuat ion levels '

Removable ( transferable) contaminat ion was relat ively low; the maximum

alpha and beta levels ueasured were 70 dpn/100 cn2 and 48 dprn/100 cn2'

Cei l ings and upper wal ls were the locat ions where most rernovable

contaminat ion was noted.

Radon measurements l tere not conducted in this bui lding, because of the

low occupaDcy factor,  the lack of bui lding EvAc systems and general

weathet iz igg, and the usual.  pract ice of leaving main doors oPen for natural

vent i la t ion  dur ing  waste  hand l ing  ac t iv i t ies  '

coMPARIsoNoFsURvEYRESULTSI . I I I1 IGUIDELINES

The gu ide l ines  app l icab le  to  c leanup o f  o f f -s i te  p roper t ies  a t  the

Niagara  Fa1 ls  S torage s i te  a f ,e  p resented  in  Append ix  B '  Rad ia t ion  leve ls

and rad ionuc l ide  concent ra t ions ,  a t  smal1 ,  i so la ted  sPots  o f  sur face  or

near -sur face  contaminat ion ,  exceed Ehese gu ide l ine  va lues '



Areas of surface contaminat ion outside the warehouse contain Ra-226

concent ra t ions  exceed ing  5  pc i /g  above background leve ls '  These areas  a te

shown on Figure 8 and surnmarized in Table 9. Several  of  these areas

(394-400N,  L462-L4668;  397N,  1503E;  and 412N,  14658)  wou ld  exceed the

cr i te r ia  even i f  averaged over  an  area  o f  100 n2 ;  the  o ther  a reas  are  smal l

and isolated and averaging over 100 cn2 would reduce the Ra-226 level to

less  than 5  pCi ie  above background '

No subsurface contamination \ras identif ied

samples are within the E?A Interim Drinking Water

gross a lpha and 50 pCi / l  gross beta '

Exposure  ra tes  in  contac t  w i th  some

contaminat ioo  near  the  warehouse exceed the

sur face  a teas  ins ide  the  warehouse exceed 20

above the  sur face  a le  we l l  w i th in  these d i rec t

SUM},IARY

A comprehens ive  survey  o f  o f f -s i te  Proper ty  B

Storage Site was conducted during June-September

inc luded:  sur face  rad ia t ion  scans ,  measurements

o f  the  areas  o f  sur face

g u i d e l i n e  o f  6 0  l R / h ;  s n a l l

u R / h .  E x p o s u r e  r a t e s  a t  1  n

r a d i a t i o n  g u i d e l i n e s .

and subsurface water

Standards  o f  15  PCi /1

at ,  the Niagara Fal ls

I 9 83 . The survey

of  d i rect  rad iat ion

Warehouse bui lding surfaces are contaminated }t i th Ra-226 in excess of

rhe toral  alpha l in i ts of 100 dpn/ l00 cn2 average and 300 dp'm/100 cn2

maximum. Approxinately 1000 n2 of the f loor area exceed these l imits '  In

add i t ion  to  the  f loor ,  the  en t i re  uPPer  wa l ls  and ce iL ing  areas  o f  rooos  1 '

2 , 3 ,  L 2 ,  a a d  1 4  a u d  s r n a 1 l  p o r t i O n s  o f  t h e  l o w e r  w a l l s  i n  r o o m s  l ,  2 ,  3 ,  4 ,

8 ,  and 9  exceed these l i ro i ts .  w i th  the  except ion  o f  loose res idues  in

f loor  c racks ,  the  contaminat ion  on  bu i ld ing  sur faces  is  p r imar i l y  f i xed '

only several  smaLl isolated areas were noted to have removable

contaminat ion levels exceeding 20 alpha dpn/IO0 cn2. Fl .oor and lower wal l

areas exceeding contaminat ion guidel ines are indicated on Figures 9 and l0 '

I r  should be noted that some of the f100r and waIl  areas in this bui lding

were  inaccess ib le  fo r  survey ing  due to  s to red  hras te  conta iners '

I O



l e v e I s ,  a n a l y s e s  f o r  r a d i o n u c l i d e  c o n c e n t r a t i o n s

so i l  and subsur face  wacer  samples ,  and

conta.minat ion in a warehouse.

in  sur face  and subsur face

measurenents  o f  sur face

The resu l ts  o f  the  su : ivey  ind ica te  smal l  i so la ted  areas  o f  e leva ted

direct radiat ioo and Ra-226 contaminat ion in surface soi l  and on paving

outs ide  the  warehouse bu i ld ing .  F ixed B.a-226 contah ina t ion  is  a lso  present

on  in te r io r  warehouse sur faces .  Th is  contaminat ion  is  the  ' resu l t  o f

p rev ious  MED/AEC ac t iv i t ies  a t  the  N iagara  Fa l l s  S torage S i te .

Although the contaminated residues on Port ious of this property exceed

the  gu ide l ines  es tab l i shed fo r  unres t r i c ted  re lease to  the  genera l  pub l i c

the conta.minants are not migrat ing frou the property and, under Present

coud i t ions  o f  land  and fac i l i t y  use ,  do  no t  pose po t 'en t ia l  hea l th  r i sks  to

the  pub l ic  o r  s i te  workers .

l l
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RADIONUgLIDE

TASLE

CONCENTRATIOI.IS

1-B

IN BASELINE WATER SAMPLES

Locat iona
Radionucl ide C o n c e n t ! a t i o n s  ( P C i / 1 )

Gross AlPba G r o s s  B e t a

lrl
w2
I,l3
I^I4
}l5
!.l6
w7

0.95  !  0 .93  b

0 .95  !  0 .94
0 .55  +  0 .78
0 .63  +  0 .89
0 .73  1  0 .68
1 .87  3  1 .84
1 . lG  1  0 .66

0 .55  to  1 .87

4 .79  +  L .L5
g . l7  +  1 .31
2 .73  +  1 .05
5 .37  !  I  .17

<0 .64
14 .3  !  2 .4

<0 .53

<0 .63  to  14 .3
Range

a
b

Refer  to  F igure 6.
Errors a le  2o based oD count ing s tat is t ics '

L )



TASIE 2

DIRECT RADIATION LEVELS MEASURED
AT 40 M GRID INTERVAIS

Gr id
Loca t i on

NE

Ganna Exposure
R a t e s a t l m A b o v e

the  Sur face
( u R / h )

Gaoma Exposure
Rates  a t  the

Sur face
( u R / h )

Beta-€aroma
Dose Rates  a t  1  cm

Above ' the  Sur face
(u  rad lh )

40  r015
40 1040
40  1080
40  1120
40  1160
40  1200
40 L240
40 12 80
40  1320
40  1360
40 1400
40 L440
40 1480
40 1 505

80  1015
80 1040
80 1080
80  1120
80  1160
80 1200
80 L240
80 1280
80 1320
80 1354
80 1400
80 L440
80 1480
80 1507

I20  1015
L20 1040
120  1080
L20  1120
120  1160
120  1200
L20 L240
L20 1280
120 1320
L20  1354
120  1400

8
9
8

7
7
I

7
7
8
I
8
8
9
9
8
7
I

8
7

l3
16
L7
20
13

9
7
7

28
L7

9
L7

L2
7

L7
30
24
7

L2
16
2L
l6
18

8
7
8
7
8
8
8
8
I

13
9
8
7
9

8
7
7
7
7
7
7
7
7
7
8
I
8

10

7
7
I

7
7
7
7
7
7
7
7

7
22
42
15
10
21
30
22
15
16
19

7
7
I

7
7
7
7
7
7
7
7
8
8

I2

7
7
1

I

6
7
7
7
7
7
7

24



TABLE 2 ,  con t .

DIRECT RADIATION LEVELS MEASURED
AT 40 M GRID INTERVALS

Gr id
Locat ion

NE

Gamma Exposure
R a t e s a t l m A b o v e

the  Sur face
(uRi  h )

Ganma Exposure
Rates  a t  the

Sur face
( u R / h )

Beta{auma
Dose Rates at I  ctn
Above the Surface

(u  rad /h)

L20 L440
120  1480
i20  1507

160  1015
160  1040
160  1080
r60  1120
160  1160
160  1200
160 L240
160  1280
160  1320
160  1354
160  1400
160 L440
160  1480
160 I  507

200  1015
200 1040
200 1080
200  1120
200  1160
200 1200
200 L240
200 1280
200  1320
200 L354
200 1400
200 L440
200 1480
200 1507

240 1015
240 1040
240 1080
240 1120
240 1160
240 1200
240 1240

8
8

1 l

8
8

11

L4
L4
l8

16
18
L2
7

L4
L2

8
L4

9
L2
7

11
7

l6

24
LZ

I
l 0
13
13

7
9

L7
15

8
10

8
L7

6
7
7
7
7
7
7
7
6
7
7
8
7

10

7
7
7
7
7
7
7
7
I
6
7
8
8
8

7
8
7
7
7
7
7

7
8
7
7
8
7
8
7
7
8
7
8
7
9

7
7
I
7
7
7
7
I
7
7
8
7
8
8

8
I
7
7
8
7
7

32
t8
L2
L7
1 I
7

20

25



TASLE 2,  cont .

DIRECT MDIATION LEVETS MEASURED
AT 40 M GRID INTERVA],S

Gr id
Locat ion

NE

Gan'ma Exposure
R a t e s a t l m A b o v e

the  Sur face
( u R / h )

Qnmm6 Exposure
Rates  a t  the

Sur face
( u R / h )

Beta-Garnma
Dose Rates  a t  I  cm

Above the Surface
( u  r a d / h )

240 1280
240 1320
240 1354
240 1400
240 L440
240 1480
240 1507

280  1015
280 1040
280 1080
280  1120
280 1160
280 1200
280 L240
280 1280
280 L320
280 1360
280 1400
280 L440
2 80 1480
280 1507

320 1040
320 r080
320 1120
320 1160
320 1200
320 L240
320 1280
320 1320
320  1360
320 1400
320 L440
320 1480
320 1507

360 1040
360 1080
360  1120
360  1160

9
13
11
7
7
8

15
L4
l3

7
19
6
7
8

19
27
42

7
L2
7

1 l
7

L6
9

l0
t6

9

4T
7

22
7

7
7
7
7
7
7
9

6
6
8
7
7
6
8
7
8
7
6
6
7
8

I
8
8
7
7
7
6
7
7
7
7
I
9

8
7
8
7

8
8
8
7
7
6
6
6
7
7
7
7
I

I
7
7
7

7
7
6
7
7
7
I

6
6
7
6
7
6
7
7
7
6
7
6
7
I

7
15
7

l6
t3

9
9

26



TABLE 2,  cont .

DIRECT MDIATION LEVETS MEASURED
AT 40 M GRID INTERVATS

Grid
Locat ion

NE

t
Qamma ExpOSure

Ratesa t lmAbove
the Sur face

(un/h)

Gamma Exposure
Rates  a t  the

Sur face
(u n/ h)

Beta-Gamma
Dose Rates  a t  I  ca

Above the Surface
( u r a d / h )

360 1200
360 L240
360  1280
360  1320
360  1360
352 1400_
360 L440
360 1480
360 t  507

400 r040
400 1080
400 1120
400 r160
400 1200
400 1240
400 1280
400 1320
400 1360
400 1400
400 L440
427 1480
400 1507

440 1040
440 1080
440 1120
440 1160
440 1200
440 L240
440 1280
440 1320
440 1360
440 1400
440 1440
440 1480
440 1507

480 r040
480 1080
480 1120

2T
6
7
7

22
L7
24
6

2l

7
t8
16
L7
13
15

7
18
7

18
L4
33
10

44
l9
2L
L4

9
21
13

9
7
5
5
6
8

7
6
7
7
8

8
6
8

7
9
I
8
8
7
7
7
7
7
8

L4
9

8
8
8
8
8
8
7
6
7
5
5
6
8

8
8
9

6
6
7
7
6
8
6
I

7
7
I
7
7
7
6
7
7
7
7

10
9

I
7
8
8
7
I
6
6
6
4
)
5
9

8
7
8

25
l6
25

27



TA3LE 2,  cont .

DIRECT RADIATION LEVELS MEASURED
AT 40 M GRID INTERVALS

Grid
Locat ion

NE

Gamma Exposure
R a t e s a t l m A b o v e

the  Sur face
( u R / h )

Ganma Exposure
Rates  a t  the

Sur face
( u R / h )

Beta-Ganrma
Dose Rates  a t  I  cm

Above the Surface
(  u rad /h)

480 1160
480 1200
480 L240
480 1280
480 1320
480 1360
480 1400
480 L440
480 1480
480 1s07

520 1040
520 1080
520 1120
520 1160
520 1200
520 1240
520 1280
520 1320
520 1360
520 1400
520 1440
520 1480
520 1507

540 1040
540 1080
540 1120
540 1160
540 1200
540 L240
540 1280
540 1320
540 r360
540 1400
540 L440
540 1480
540 I 507

8
8
7
6
6
6
4
6
6
7

24
28
L2
7
I

L7
L4

7
7
8

L2
10

9
15
7
7
7
8
9
9
5
8
I

6
t0
7

15
L7
7

8
I
I
7
7
7
4
5
7
8

8
I
8
8
7
7
7
7
7
5
)
8
8

8
I
8
8
8
I
7
6
6
7
9
7
7

8
8
I
7
7
8
7
6
7
4
5
7
7

8
7
7
7
7
I

7
7
6
7
9
6
7

25
t l

8
t4
19
11
7
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RESULTS

Backsround Leve ls  and Base l ine  Concent ra t ions

Background exposure rates and basel ine radionucl ide concentrat ions in

so i1 ,  de ter rn ined fo r  20  loca t ions  (F igure  6)  in  the  v ic in i ty  o f  the  NFSS,

are  presented  in  Tab le  l -A .  Exposure  ra tes  ranged f rom 6 .8  to .  8 .8  uR/h

(  typ ica l  leve ls  fo r  th is  a rea  o f  New York)  . Concent ra t ions  o f

radionucl ides in soi l  \ rere:  Ra-226, <0.09 to L.22 p0i /g (picocur ies per

gran) ;  U-235,  <0 .14  ro  0 .46  pc i . /e ;  U-238,  <2 .20  to  6 .26  pcL lg ;  Th-232,  0 .32

t , o  1 . 1 8  p C i / g ;  a n d  C s - l 3 7 ,  < 0 . 0 2  t o  1 . 0 5  p C i / g .  T h e s e  c o n c e n t r a t i o n s  a r e

typ icaL o f  the  rad ionuc l ide  leve ls  normal ly  encountered  in  sur face  so i1s .

Rad ioac t iv i t y  leve ls  in  base l ine  water  samples  are  preseoted  in

Tab le  l -8 .  The gross  a lpha and gross  be ta  concent ra t ions  ranged f ron  0 .55

t o  1 . 8 7  p 9 i , l l  ( p i c o c u r i e s  p e r  l i t e r )  a n d  ( 0 . 6 3  t o  1 4 . 3  p C i / 1 ,  r e s p e c t i v e l y .

These are typical  of  concent lat ions normal ly occurr iag in surface water.

D i rec t  Rad ia t ion  Leve ls

Di rec t  rad ia t ion  leve ls ,  ueasured a t  ma jor  g r id  l ine  io te rsec t ions ,

are presented in Table 2. The ganma exposure rates at I  n above the

sur face  a t  these gr id  po in ts  ranged f rom 6  to  43  uR/h  (average 9uR/h) .

Sutface cont,act gauna exposure rates and beta-garnna dose rates were 7 to

41 uR/h  (average 9  uR/h)  and 7  to  61  prad /h  (average 21  prad /h) ,

respec t ive ly .  A t  most  loca t , ions ,  measurenents  per fo rmed w i th  the  de tec tor

shielded averaged approximately 20"1 less than those with the unshielded

detec tor .  Th is  ind ica tes  on ly  a  smal l  por t ion  o f  the  sur face  dose ra te  i s

due to nonpenetrat ing beta or low-energy photon radiat ions. The highest

d i rec t  rad ia t ion  leve ls  were  recorded in  the  nor th -cent ra l  por t ion  o f  the

property and were due to the proximity of the stored K-65 residues on the

ad jacent  DOE properEy.  F igure  7  shows the  20 ,  30 ,  and 40  uR/h  isop le ths  on

the  N-Nor th  s i te .

The wa lkover  survey  ident i f ied  a  few iso la ted  spots  o f  e leva ted

contac t  rad ia t ion  1eve ls .  These loca t ions  are  ind ica ted  on  F igure  8  and



a s s o c i a t e d  r a d i a t i o n  l e v e l s  a r e  p r e s e n t e d  i n  T a b l e  3 .  S u r f a c e  c o n t a c t

ganna exPosure  ra tes  ranged f ron  13-200 uR/h ;  the  max imum was measured a t

gr id  po in t  564N,  980E.  Exposure  ra tes  a t  I  m above the  sur face  ranged f rom

9  c o  1 7  u R / h .  B e t a - g a r n m a  d o s e  r a t e s  r a n g e d  f r o m  4 3 - 7 g , 0 0 0 l r a d / h .  T h e

max imum dose ra te  was a lso  recorded a t  g r id  coord ina te  664N,  9808.  Contac t

exPosure and beta-gamna dose rates l rere reduced by soi l  sanpl ing at nany of

these loca t ions ;  Eh is  ind ica tes  tha t  Eos t  o f  the  contaminat ion  is  in  smal l ,

d isc re te  p ieces  o f  mater ia l  ra ther  than d i f fused th roughout  a  la rger  a rea

oh so i l .

The wa lkover  sur face  scan a lso

genera l l y  e leva ted  rad ia t ion  leve ls .

ra i l road t rack  a t  the  nor theas tern

(gr id  loca t ion  490-520N,  980-10608)

higher than background for the area.

ident i f ied  two add i t ioua l  a reas  o f

Readings along the length of the

boundary and along a drainage di tch

averaged L2  to  f4  uR/h  -  s l igh t ly

Rad ionuc l ide  Conceut , ra t ions  in  Sur face  So i l

Tab le  4  l i s ts  the  concent ra t ions  o f  rad ioauc l ides  measured in  sur face

so i l  f rom in te rsec t , ious  o f  the  na jo r  g r id  l ines .  These samples  conta ined

Ra-226 concentrat ioas ranging fron 0.35 to 7.23 pl i t /g.  The highest level

tas  in  the  sample  co l lec ted  a long a  ra i l road t rack  a t  g r id  po in t  668bI ,

1060E.  Th is  sample  was pr inar i l y  rock  ba l las t  and a lso  conta ined a  U-238

level comparable to the Ra-226 concentrat ion. A few addit ional samples

contained Ra-226 concentrat ions exceeding those in the basel ine soi l ,  but

none exceeded 5  p0 i /g  above the  base l ine  leve l .  Severa l  samples  a lso

conta ined s l igh t ly  e leva ted  U-238 and Th-232 concent ra t ions ;  the  h ighes t

leve ls  measured were  7 .48  pCi lg  o t  U-238 and 1 .88  pCi /g  o f  Th-232.  Leve ls

o f  U-235 and Cs-137 were  no t  s ign i f i can t ly  d i f fe ren t  f rom those in  base l ine

s a n p l e s . No other gamma emitt ing radionucl ides were noted in

concet r t ra t ions  exceed ing  those normal ly  p resent  in  sur face  so i l .

Rad ionuc l ide  concent ra t ions  in  samples  f rom loca t ions  o f  e leva t ,ed

contac t  rad ia t ion  1eve ls  a re  p resented  in  Tab le  5 .  Concent ra t ions  o f

Ra-226 in these samples ranged from <1.75 to 2L0 pCLlg; the maximum

concent ra t ion  was measured in  a  rock  (sample  B l )  co l lec ted  a t  g r id  po in t



30N,  i56E.  Sarnp le  84  was a  p iece  o f  ye l lowcake and conEa ined 21 ,000 pc i le

o f  u -23  8 .  A l though sampl ing  a t  th is  loca t ion  removed v is ib le

contaminat ion ,  the  contac t  exPosure  ra te  o f  70  UR/h  recorded a f te r  sampl ing

ind ica tes  tha t  smal l  p ieces  o f  res idue s t i l l  remain '

Borehole Ga'r'ma-Loggine Measurement s

The results of ganma scint i l lat ion measureaents in boreholes indicate

no subsurface contaminat ion. Based on previous subsurface invest igat ions

ganma count rates deternined by the borehole Beasureme1ts are rel iable

indicators of elevated subsurface radionucl ide levels '  Eowever '  the gan'na

logging data was not useful  in quant i fy ing radionucl ide cotrceottat ions in

the  subsur face  so i l ,  because o f  the  vary ing  ra t ios  o f  Ra-226 '  U-235 '  U-238 '

Th-232, and Cs-137 occurr ing in soi ls from this si te '

Table 6 preseuts the radiooucl ide concentrat ions measured iu soi l

samples from boreholes. The f ive boreholes (81-85) ,  located to provide a

representat ive coverage of the ProPerty,  contained radionucl ide

conceotrat ioas in the ranges of basel ine samples '  Iuaccessibi l i ty of

port ioos of this proPelty precluded addit ional systematic boreholes '  The

effect iveness of surface sanpl ing in removing the source of elevated

contac t  rad ia t ion  leve ls  ind ica ted  tha t  subsur face  inves t iga t ions  a t  these

loca t ions  were  no t  war ren ted .

Samples W1-W3 from areas of standing water on ProPerty N-North (refer

to Table 7) contained gross alpha coucenlrat ions ranging from 2'37 to

7 . 1 6  p C L t L .  G r o s s  b e t a  c o n c e n E r a t i o n s  r a n g e d  f r o m  6 ' 0 0  t o  7 ' 3 3  p C L I L '  T h e

gross alpha levels are higher than Ehe basel ine range but within EPA

In ter im Dr ink ing  ! {a te r  l in i t s  o f  15  pCi /J - ;  the  g toss  be ta  leve ls  a re  w i th in

t ,he  range o f  base l ine  concent ra t ions '



Radionuc l ide  Concent ra t ions  in  Dra inaee D i tch  Sed iments

ConcenLra t ions  in  sed iment  samples ,  co l lec ted  f rom dra inage d i tches ,

are presented in Tabl-e 8. Samples SDl and SD3 contained Ra-226 and Cs-137

concent ra t ions  above base l ine  leve ls .  Sample  SD3 a lso  conta ined 62 .6  pCL le

o f  U-23 8  -  we l l .  above the  base l ine  concent ra t ion .  Leve ls  \ re re ,  however ,

w i th in  c leanup gu ide l ines  es tab l i shed fo r  fo r rner ly  u t i l i zed  s i tes .

COMPARISON OF SURVEY RESULTS WIIU GUIDELINES

The gu ide l ines  app l icab le  to  c leanup o f  o f f -s i te  p roper t ies  a t  the

Niagara  Fa l l s  S torage S i te  a re  p resented  in  Append ix  B .  Rad ia t ion  leve ls

and rad ionuc l ide  concent ra t ions ,  € r t  smal1 ,  i so la ted  spots  o f  sur face  or

uear -sur face  coutaminat ion ,  exceed these gu ide l ine  va lues .

The exposure rates in contact with isolated areas of surface

contaminat ion do not exceed the guidel ine of 60 un/n for oPen land areas

access ib le  by  the  genera l  pub l i c ,  w i th  the  except ion  o f  g r id  loca t ion  664N,

9808 where a coatact exposure rate of 70 uR/h remained after sample

co l lec t ion .  Average exposure  ra tes  a t  I  u  above the  sur face  (9uR/h)  a re

we l l  w i th in  the  60  uR/h  gu ide l ine .  I t igher  ganma rad ia t ion  leve ls  in  the

north-central  port ion of the property are the result  of  residues on the

ad jacent  DOE proper ty .  E leva ted  leve Is  a long the  ra i l road t racks  are

probably due to the natural  radiouucl ide concentrat ions iu the bal last.

Areas of surface conta,minat ion, ident i f ied by the walkover scan'

contained Ra-226 concentrat ions in excess of 5 p9Llg; tno of the samples

a lso  conta ined U-238 concent ra t ions  above the  150 pCi /g  c r i te r ion .  These

areas are summarized in Table 9 and indicated on Figure 9. Sample 84

(664N,  9808)  cons is ted  rna in ly  o f  ye l lowcake (2 t ,000 pCi /g ) ,  Bos t  o f  wh ich

was renoved by sanple col lect ion. Most of Lhese areas of contaminat ion

l re re  smal l  and iso la ted ,  and concent ra t ions  wou ld  be  be low the  gu ide l ines ,

when averaged over an area of 100 n2. Borehole measurements and samples

d id  no t  iden t i f y  subsur face  1eve ls  d i f fe r ing  f rom those in  base l ine

samples .

t 0



Sur face  water  conta ined rad ionuc l ide  concent ra t ions  be low the  EPA

l i r o i t s  o f  1 5  p C i / l ,  g r o s s  a l p h a  a n d  5 0  p C i / l ,  g r o s s  b e t a .

Radionucl ide concentrat ions in  sediment  sanples. f rom dra inage d i tches

\ rere wel l  wi th in  the c leanup guidel ines establ ished for  former ly  ut i l ized

s i t es .

SUM},IARY

A comprehensive survey of of f-s i te property N-North at the Niagara

FaL ls  S torage S i te  was couducted  dur ing  September -November  1983.  A  por t ion

of the property in the northwest corner is an act ive Landf i1l  and \ tas

inaccessible for surveying. This alea, however,  had been prerr iously

surveyed.  The Track  St ree t  a rea  (Proper ty  N ' -Nor th )  w i lL  be  d iscussed in  a

separate report .  The survey included surface radiat ion scans'  measuremeots

o f  d i rec t  rad ia t ioo  1eve1s ,  and ana lyses  fo r  rad ionuc l ide  concent ra t ions  in

so i l  samples ,  bo th  sur face  and subsur face ,  and in  sur face  water  samples .

Ana lyses  o f  sed iment  sanp les ,  co l lec ted  a t  th ree  loca t ions ,  vere  a lso

performed. Ground-penetrat ing radar was used to ident i fy subsurface

ut i l i t i es  wh ich  n igh t  p rec lude boreho l .e  d r i lL ing .

The resu l ts  o f  the  survey  iud ica te  a  few,  smal l ,  i so la ted  area6 o f

elevated direct radiat ion and surface soi l  contaninat ioa. Elevated ganma

rad ia t ion  leve Is  a re  p resent  p r inar i l y  in  the  nor th -cent ra l  por t ion  o f  the

proper ty  in  c lose  prox in i ty  to  the  K-65 s to rage tower .  Tbe major  so i l

contarninants are Ra-226 and U-238. Sanpl ing removed most of the

contaninat ion; remaining contaminat ion would meet cleanup cr i ter ia when

averaged over an area of 100 n2.

Gross alpha and beta levels from surface waLer l rere within EPA

gu ide l ines .  No subsur face  contaminat ion  l tas  ident i f ied  th rough boreho le

measurements and sampl ing.

ALthough the  contaminated  res idues  and e leva ted  d i rec t  rad ia t ion

leve ls  a re  p resent  on  smal l  por t ious  o f  th is  p roper ty ,  the  conta .minants  do

not  pose po ten t ia l  hea l th  r i sks  to  the  pub l ic  o r  s i te  workers .

l 1
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APPENDIX A

Ins t rumenta t ion  and Ana ly t i ca l  Procedures

Ga 'nma Sc in t i l l a t ion  Measurement

I ' Ia lkover surface scans and measulements of gamrna exposure rates l rere

performed using Eberl ine Model PRU-6 portable ratemeters with Victoreen

ModeL 489-55 gErmma sc in t i l l a t ion  probes  conta in ing  3 .2  cm x  3 .8  cm NaI (T l )

sc in t i l l a t ion  c rys ta ls .  Couot  ra tes  nere  conver ted  to  exposure  ra tes

(uR/h)  us ing  fac to rs  de teno ined by  compar ing  the  response o f  the

sc in t i l l a t ion  de tee tor  w i th  tha t  o f  a  Reuter  S tokes  node l  RSS- I11

pressur ized  ion iza t ion  chamber  a t  loca t ions  on  the  N iagara  Fa l l s  S torage

S i t e  a n d  o f f - s i t e  p r o p e r t i e s .

Beta-Ganma Dose Rate Measurements

l leasurenents \rere performed using Eberl ine "Rascal,"  Model PRS-1,

portable scaler/rateneters with l lodel EP-260 thin-window, pancake G-M, beta

probes .  Dose ra tes  (u rad /h)  were  de tern ined by  compar ison o f  the  response

of a Victoreen Model 440 ionizat ion chamber sunrey meter to that of  the G-M

p r o b e s .

BorehoLe Losging

Borehole gamma radiat ion measurements nere performed using a Victoreen

Model 489-55 ganma scint i l lat ion probe, conuected to a Ludlr :m Model 2200

por tab le  sca le r .  The sc in t i l l a t ion  probe was sh ie lded by  a  L .25  cn  th ick

lead shield with four 2.5 cn x 7 "r .  holes evenly spaced around the region

of  the  sc in t i lLa t ion  c rys ta l .  The probe was Lowered in to  each ho le  us ing  a

tr ipod holder with a snal l  winch. Measurements were perforned at 15-30 cn

in tenra ls  in  a l l  ho les .  The logg ing  da ta  were  used to  ident i f y  reg ions  o f

poss ib le  res idues  and gu ide  the  se lec t ion  o f  subsur face  so i l  sanp l ing

locat ioas. Due Eo the varying rat ios of Ra-226, U-235, U-238, Th-232, and

Cs-137,  there  was no  a t tempc to  es t imate  so i l  rad ionuc l ide  concent ra t ions

d i rec t l y  f rom the  logg ing  resu l ts .

A-1



Bui ld ing  Sur face  Contaminat ion  Measurements

Tota1 alpha and beta-garnma levels on bui lding surfaces \rere measured

us ing  Eber l ine  node l  AC3-7  ZnS a lpha sc in t i l l a t ion  and Eber l ine  mode l

EP-260 th in -w indow,  pancake G-M detec tors ,  respec t iveLy .  These probes  were

coup led  to  Eber l ine  "Rasca1,  
t t  Mode l  PRS- I ,  por tab le  sca le r / ra teneters .

Count rates rrere corrected for background aud appropriate eff ic iency and

probe area  fac ts  app l ied .  For  each 2  n  g r id  b lock ,  the  average o f  a l l

systematic measurements in the block and the maximum level noted in the

b lock  were  de termined and compared to  the  sur face  contaminat ion  gu ide l ines .

Removable contaminat ion levels \rere determined by wipe (smear) tests

of approximately 100 cn2 of Ehe surface using 5 cm diameter f i l ter paper.

These wipe sanples l rere counted for gross alpha and gross beta act iv i ty

using a Tennelec Model tB-5100 low-background proport ional counter,  and

appropriate backgrouad and eff ic iency correct ions were appl ied.

Soi l  Sample Analvsis

So i l  samples  were  dr ied ,  mixed,  and a  por t ion  p laced in  a  0 .5  1

Marinel l i  beaker.  The quant i ty placed in each beaker rras chosen to

reproduee the cal ibrated count ing geometry and ranged from 600 to 800 g of

soi l .  Net soi l  weights \rere deteruined and the samples couuted using

intr iasic germanir:n and Ge(Li)  detectors coupled to a Nuclear Data nodel

ND-680 puLse height analyzer syst€m. Background and Compton str ipping,

peak  search ,  peak  ident i f i ca t ion ,  and concent ra t ion  ca lcu l .a t ions  were

performed using the computer capabiLi t ies inherent in the analyzer systen.

Energy peaks used for determinat ion of radionucl ides of concern nere:

Ra-226

u-23 5
u-23 8
Th-232

Cs- l  37

0.609 MeV f rom BL-2L4 (cor rec ted  fo r  equ i l ib r ium cond i t ions)

0 . 1 4 3  M e V

0.094 MeV from Th-234 (secular equi l ibr ium assumed)

0 .911 MeV f rom Ac-228 (secu la r  equ i l ib r iun  assumed)

0 . 6 6 2  M e V

L-2
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Wat .er  SamPle  Ana lvs is

W a t e r s a m p l e s w e t e r o u g h - f i l t e r e d t h r o u g h W h a t m a n N o . 2 f i ] . t e r p a P e r .

Renaioing suspended sol ids were reooved by subsequent f i l t rat ion through

0 . 4 5 u n m e m b r a n e f i l t e r s . T h e f i l t r a t e w a s a c i d i f i e d b y a d d i t i o n o f l 0 n ] .

of  eotrcentf ,ated ni tr ic acid. A kaown volume of each sample was evaporated

t o d r y n e s s a n d c o u a t e d f o r g r o s s a l p h a a a d g r o s s b e t a u s i n g a T e n n e l e c

Model LB 5100 1ow-background proport ional counter '

Ca l ib ra t ion  aad Qua l i t v  Assurance

w i t h t h e e x c e P t i o n o f t h e e x P o s u r e a n d d o s e r a t e c o o v e r s i o n f a c t o r s

f o r p o r t a b l e s u r v e y g a D m a a n d b e t a - g a n n a m e l e r s , a l l s u r v e y a n d l a b o r a t o r y

instrumenrs \rere cal ibrated with NBS-traceable standards'  The cal ibrat ion

procedures for these portable instrumeats ate descr ibed above'

Q u a l ' i t y c o u t t o l p r o c e d u r e s o o a l l i n s t r u n e u t s i n c l u d e d d a i l y

background and check-source meas.uteneots to confirm equipmeut performance

w i t h i n a c c e p t a b l e s t a t i s t i c a l f ] ' u c t u a t i o n s . T h e o R A U l a b o r a t o r y

part ieipates in the E?A Qual i ty Assurance Progran'
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APPENDIX B

SUUMARY OF RADIATION GUIDELINES APSLICABLE
TO OFF-SITE PROPERTIES AT lUE NIAGARA FAI.LS STORAGE SITE



U. S. DEPARNENT OF EIiERGY

RESIDtiAL COI{TA,I1I}iATI0:r* AND IJASTE CO}ITROL CRITEP.IA
FOR

FOPJ€RLY UTILIZED SITES N.EffiTET, ACTION PROGRA}I (FUSR.AP)

REMCTE SURPLUS
AND

FACILTTTES lFaceurNT PROGRA.II (sF:f) SITE!

P r e s  e n t  e d
c r i  t e f i a
s i t e s ! .

here are the res idual  contat r lnat lon c leanup and waste contro l
o f  genera l  app1icabl11ty  to  the FUSRAP pro ject  and reoote SFI : IP

$i th  Che except ion of  l iu l ts  for  rad i r :u-226,  the so l l  res idual  contaoinat lon

cr i ter ia  were developed on the basls  of  l lo i t lng t rax iouo lnd lv idual  rad lat lon

expo6ure co DOE l lu l ts  specl f led 1n DOE Order  5480.1A exc lus lve of  exPosure

fros natural background radiatlon or nedlcal procedures. It te aggregate of the

contribution fron al l  naJor pathways, based on scenarlos for Perl laneat
i n t rus ion l  € .g .1  es tab l l sh lng  res ldences  on  the  s l t e ,  has  been  ass r :ned .  I n

t rost  c l rcgDstances,  the probabf l l ty  ls  low that  6uch an ln t rus lon wi l l  occur .

A1so,  conservat lve assu.apt ions were used in  der iv ing these cr l ter la  to  ensure

that  a  par t icu lar  dose l iu1t  pould not  be exceeded.  Use of  these cr i ter la  ls

addl t ional l l .  conservat ive because the pathrays consldered ln  the der lvat loa of

the cr i ter ia  assuiDe a l l  uater  ia take and nost  food in take ls  f rou the s l te .
Also,  the s j . tes of ten have l i rn l ted agr lcu l tura l  capabl ' l l ty  and the
contaoinat ion 1s genera l ly  not  hooogeneous.  The cooblned ef fect  o f  these

factors is  such that  the probable radl .a t ion exPosute to  the average populat loa

oor  or  ln  the v ic ln l ty  o f ,  FUSRAP s l tes decontami .nated to  these cr l ter la  l ln l ts

wli l  not be appreclably different froa that ooroally recelved froo natural

background radiatlon.

The res ldual  contaoinat lon cr l ter la  for  sur fqge contanlnat lon of  s t ructures
were developed froo a proposed AIISI standar43' oodlf led as aPProPrlace to be

conslstent wftn DOE 0rder 5480.1A and the speclftc needs of FUSRAP for

cost -ef fect lve,  workable guidel lnes t th lch prov lde an adequate safety  oarg ln.

The waste cont lo l  cr l ter la  are consls tent  wl th  appl lcable DOE Orders and EPA|s

regulat lons for  lnact lve uranluo o l1 l ing s l tes,  40 CFR 192.

! / ^  r "oo te  SFXP s l te  1s  one tha t  l s  excess  to  DOE p log tamr .a t l c  needs  and is

.  loca ted  ou ts ide  a  ua jo r  opera t lng  DOE R&D or  p roduc t lon  area .  Ret ro te  s l tes

are  Eore  l i ke ly  to  be  re leased to  the  pubI lc  o r  excessed to  o ther  goveruDent

agenc les  a f te r  decontao ina t ion  than are  s i tes  loca ted  w l th  oa jo r  R&D or

p r o d u c t l o n  a r e a s .

, lj / e l S f  l i l 3 . l 2  ( p r o p o s e d )  - -  a n  a d a p t a t l o n  t o  b e  a p p l l e d '  a s  a P P r o p r J a t e .
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A . R.ESIDL:AI COIiIAYINATIO}icRITEP.IA FOP. FOP.I€RLY InILIZED SITES ,qiD P.!vc:rE

SUR.PLLIS FAClL IT lES i] PR,OGPST{ SITES

The fo l lo r^ .1ng c r l te r la  represent  the  aax lo r :o  ies ldua l  con tag lna t ion  l ia l t s

f o r  u n r e s t r i c t e d  u s e  o f  l a n d  a n d  6 t r u c t u r e s  c o n t a t r l n a t e d  u l t h  r a d l o n u c l l d e s

re la ted  to  the  nuc lear  fue l  cyc le  8 t  FUSR.AP aod reoote  SFMP 51tes .  I t  t6

the  po l1cy  o f  DOE to  decoDtao ina te  s l tes  to  conta t l laa t lon  leve Is  a t  o r

be los .  the  l io l t s  and ln  8  t ranner  cons ls ten t  L71th  DOE's

as- lou-as- is - reasonab ly -ach ievab le  (A l . i { l ' l { )  po l l cy .  Res ldua l  con tas lna t lon

l1o i ts  fo r  pgher  nuc l l -des  w111 be  deve loped when requ l red  us lng  the  sane

uethodo log lS /  as  r las  used fo r  those rePresented  here '

l .  So i l  ( Land )  C r i t e r i a Maxior . :o  L lc l ts  for  Unrest r lc ted Use

Radionuc l lde

soll crlt 
"rtJl 

'2/ '! l
(pC1 lg  above background)

75
150
150
l5

5 pCL/Sr averaged over the
f l rs t  15 co of  so l l  be low
the sur facel  L5 PCL/g shen
averaged over  15 ca th lck
so1l layels Eote than 15 cn
belor. '  the surface anC less
than l .5s belou the sur face.

g-5"arrr"f/
u-23*t,
v-23,g:,
Th-23C9/
Ra-226

v-ng
Pa-Z31
Ac-227

T}l.-232

Ao-24L ̂  ,
Pu-Z419/
Pu-238,  239,  240
Cs-137
Sr-9C
H-3  (pC i /41  so i l  oo i s tu re )

!O"" . t tbed ln  0Ro-831 and OR0-832.

2!n the event  of  occurrence of  mlxtures of
f ract lon contr ibuted by each radionucl ide
detera lned,  and the sr :o  of  these f  ract ions
are two specia l  cases for  l rh lch th is  ru le

r a d i o n u c l i d e s ,  t h e
t o  l t s  l i u l c  s h a l l  b e

sha l l  no t  exceed l .  There

m u s t  b e  n o d l f i e d :

140
40

190

15

20
800
100
80

r00
5 ,200
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(a )  l f  Ra -226  l s  p resen t ,  t heo  the  f rac t l on  fo r  R2-226  shou ld  no t  be
inc luded  1n  the  suu  1 f  t he  Ra-226  concen t ra t l on  1s  l ess  than  o r
equal  to  the T i r -230 concentrat lon.  I f  the ?a-225 concentrat lon
exceeds  the  Th -230  concen t ra t l on , . t hen  the  s r :o  sha l l  be
evaluared by replac l .ng the Ra-226 concentrat lon by the
dl f ference betr . reen the Ra-225 and Th-230 concengrat lons.

(b) If .  Ac-227 ls present, then the saoe rule glven ln (a) f 'or Ra-226

re lat lve to  t t r -230 appl ies for  Ac-227 re lat lve to  Pa-231.

j /Excep t  f o r  Ra-226 ,  t hese  c r l t e r l a  rePresen t  un res t r l c ted -use
res idual  concentrat ions above background averaged acrogs any l5  co
th lck layer  to  an] '  depth and over  any cont iguous 100 lD-  sur fac€ 8E€3o

Tl ie  saoe condl t ions preval . l  for  Ra-225 except  for  so11 layers beneath

1.5 n;  beneath J .5 n,  the a l los lab le Ra-226 concentrar lon nay be

af fected by s i te-specl f lc  coadi t l .ons and uust  be evaluated
accord ingly .

t . t
3/Local lzed concentrat lons 1n excess o{  these 1 ln l ts  8re a l louable

prov ided that  the average over  100 ut  is  not  exceeded.

c l  -  l n
3/A cur ie  of  natura l  uraniuc ueans the sr :o  of  3 .7 x  l0 ' -  rn

C ls ln teg ra t i ons  pe r  secoqd  (d i s / s )  f roo  U-238  p lus  3 .7  x  l 0 ' -  d l s / s

f roro U- I34 p lus i .7  *  lO)  dts /s  f roa U-235.  One cur le  of  natura l

uranl r . rm ls  equiva lent  to  31000 k l logra ls  or  61600 pounds of  natura l

uraniuE.

A IYAssuoes no other  uranius lsotopes are Present .

Zlfn. f t-Z3O gutdellne ls t5 pcl/g !o account for Lngrowth of Ra'228

as Th-230 decays. ?a-226 ls a l iolt lng radlonucllde because lts

decay product ls Ru-222 gas.

A I9'The pu-241 cr l ter lon was der ived f ron the Ao-241 concentrat lou.

2.  Stnrcture Cr i ter la  (Haxlnusr  L iu l ts  for l )nrest r ic ted Use)

8o Indoor  Radon DecaY Produc ts

A s i ruc tu re  loca ted  on  pr iva te  ProPer t ) '  and  in tended fo r

unres t r l c ted  use  sha l l  be  sub jec t  to  reoed ia f  ac t lon  as  necessar ] '

t c  ensure  the  annua l  average concent ra t ion  o f  radcn decay  Produc ts
is  less  than 0 .03  l IL  t r i th in  the  s t ruc tu re .

Indoor  Gasra  F .ad ia t ion

The lndoor  gagga rad ia t lon  a f te r  decontan ina t lon  sha l l

20  o lc roroentg"n  per  hour  (20  1n /h)  above background.
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C . I n d o o r / O u t , d o o r  S t r u c t u r e  S u r f a c e  C o n t a a l n a t l o n

Al lo r ;ab le  Sur face  I  t
Res idua l  ContacLnat lo r * '

'  
Gpa/100 ca / )

Rad l  onuc l l des

Group  l :

Radionucl ldes for  whlch the
uncontro l led area concentrat len
guide 1n.a i r  a fove backgtoun<i : /  ls
2  x  l 0  

' -  c i / u -  o r  l ess  o r  f o r
which the uncontro l led area con-
centrat lolZg"1d"-1n nagtr _?9o9"backgrounF' ls 2 x l0 Ct/m-
or  less;  lnc ludes Pa-231,  Th-228,
Th-230, Ac-227, Ra-226, Ra-228, and
Pb-210.

Group 2:

Radlonuclldes not ln Group I for
whlch the uncontro l led area con-
cen t ra t l on  gu ide  l n r9 i r  above  back -
grounF'  ls  I  x  l0  

' -  
Ci /o-  or  less

or  for  sh lch the uncontro l led area
concentratfgn gulde ln_r'ater qbove
backgrouaS' ls I x 10 - C!/a' ot
less; includes U-232, U-238, Th-232,
Ra-223,  aud Po-210.

Group 3:

Those radlonuclldes not 1n Group
I or Group 2; lncludes lJ-234,
tt-235, and 7a-224
and al l  other bela-ga"'oa eoltters.

Tota l  Reoovable

100

I  ,0oo 200

5,000 I ,000

20

1 l  ,
a 'The Leve ls  aay  be  averaged,  oveS I  o 'p rov lded the  nax ioun

act lv l t y  ln  any  area  o f  100 cn '  l s  less  than 3  t iEes  the  l lo i t
va lue ;  dp t r  -  d is in tegra t ions  per  E inu te .  In  the  event  o f
o c c u r r e n c e  o f  o l x t u r e s  o f  r a d i o n u c l l d e s ,  t h e  f r a c t i o n  c o n t r l b u t e d
by  each rad lonuc l lde  to  i t s  l im i t  sha l l  be  de ter rn lned,  and the
sun o f  these f rac t lons  sha l l  no t  exceed l .

t l
3 'G lven in  Ac tachnent  I  to  Chapter  X I ,  Tab le  I I ,  DOE Order

5480.1A.
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CollTROL 0F RADIOACTIIE TJASTES At\D PJSIDUES FROYFUSP3P A}ID P€YCTE SruP
S , T  T F q

Spec l f i ed  he re  a re  the  con t ro l
l ; as tes  and  res ldues  re la ted  to
SFMP s l t es .

l .  I r t e r l o  S to rage

A11 operat lonal  and contro l
Orders shal l  applY:

requ l re t ren ts  Cc r l t e r l a )
the  nuc lea r  f ue l  cYc le

f o r  r a C l o a c t l v e
a t  FUSMP and reoote

regutreoents sPecl f ied 1n the fo1 lou1ng DOE

a.  5480 .1A ,  Eny i ronoen ta l  P ro tec t l on ,  Sa fe ty ,  and  l l ea l t h  P ro tec t l oD

Prograo for  DOE Operat lons.

b.  5480.2,  Hazardous and Radloact lve Hixed h 'aste Hanageoent .

cr  5483.1,  Occupat lonal  Safety  and Heal th  Prograo for  Gover :neot{ r . 'ned

Contractor-Operated Faci l l t les.

5484 .1 ,  Env l ronoen ta l  P ro tec t l on ,  Sa fe ty ,  and  Hea l th  P ro tec t l oa

Inforoat lon Repor t lng Requl ret rents .

5484.2,  Unusual  Occurrence Repor t ing Systea.

Con t ro l  and  s tab i l l za t i on  fea tu res  s t ] l  be  des igned  to  ensu re '  t o

the extent  reasonably  achievable,  an ef fect lve l1 fe of  50 years '

and in  any  caser  a t  leas t  25  Years .

g. Rn-222 concentrat lons ln the atuosphere above facl l i ty surfaces or

open lngs  sha11 oo t  (1 )  exceed 100 pCUl  a t ,  any  g lvea po io t '9 f -an

everage concent la t lon  o f  30  pc l / l  fo r  the  fac l l l t y  s1 te ,  o r  (2 )

exceed an average Rn-222 concent lat lon at or above any I 'ocat loD

outs lde  the  fac l l l t y  s l te  o f  3 .0  pC1/1  (above backgrouod) '

h .  For  r . .a te r  p ro tec t lon ,  use  ex ls t ing  s ta te  and federa l  s tandards ;

aPPly  s l te -spec l f l c  ueasures  shere  needed '

2. Long-Teno l' lanagenent

a .  A l l , o p e r a t i o n a l  r e q u i r e m e n t s  s F e c l f l e d  f o r  I n t e r i r n  S t o r a g e

F a c i l i t i e s  ( B . l )  w i l J '  a P P l Y .

b .  C o n t r o i  a n d  s t a b l l l z a t l o n  f e a t u r e s  r ^ ' i 1 l  b e  d e s i g n e d  t o  e n s u r e  t o

tbe  ex ten t  reasonab ly  ach ievab le ,  an  e f fec t l ve  l l fe  o f  l ' 000  J tears

a n d ,  i n  a n y  c a s e ,  a t ' 1 e a s t  2 0 0  y e a r s .  O t h e r  d i s p o s a l  s i t ' e  d e s i g n

fea tures  sha l l  con foro  w i th  40  CFR Par t  l9?  per fo rEance

gu l  de  l ines  /  requ i rsaents  .

d .

€ o

I
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Rn-222  esana t ton  to  the  a tnosphere  f roo  fac111 ty  su r faces  o r
open lgg  sha l l  no t  (1 )  exceed  an  ave rage  re lease  ra te  o f  2Q
pCi /o- /s ,  or  (2)  lncrease the annual  average Rn-222 concentrat lon
a t  o r  above  any  l oca t l on  ou ts lde  the - fae l11 ty  s l t e  by  Eo re  ghan  0 .5
pC1 /1 .

Fo r  l l a te r  p ro tec t l on ,  use  ex l s t i ng  6 ra te  and  fede ra l  s tandards ;
apply  s l te-specl f tc  oeasures shere needed.

Pr ior  to  p laceaent  of  8Ey.potent1a11y b iodegradable contaolnated
L'astes 1n a Long-Terr lGnageoent Facll i ty, such rastes w111 be
p roper l y  cond l t i oned  to  ( t )  eosu re  tha t  t he  genera t l on  and  escaPe
of  b iogenic  gases u111 not  cause the cr i ter la  ln  paragraph 2.c .  to
be exceeded,  and (2)  ensure thar  b iodegradat lon s j . th ia  the fac i l l ty
u i11 not  resul t  1n preoature s t ructura l  fa l lure Dot  Ln accordance
ui th  the cr l ter la  ln  paragraph 2.b. .  ] f  b lodegradable i tastes are
condl t loned by lnc j .nerat lon,  lnc lnerat lon operat lons t '111 be
carr led out  la  coopl lance rdth a l l  appl lcable federa l '  s ta te,  aad
loca1 air 'eaissioo 

standards and requlreoents '  lncludlng atry
standards for  rad ionucl ides establ ished pursuant  to  40 CfR Par t  51,
Natlonal Eaisslon Scandards for Hazardous Air Pollutaats (NESP-APS) -

Procedure - - Analys ls  of  s l te-specl f ic  condl t lons.

Appl icabl l l ty --  ! . t rere healt ,h and safety
where  cos t  c lear ly  ou twe ighs  benef l te .

wou ld  be  endangeredr '  o r

D. CRITERIA SOLTRCE

Crl ter la Source

Resldual  Contaulnat ion cr i t " r rJ /

C .

d .

€ .

c. EXCEPTIONS

So11 Crt ter la

Structure Cr i ter la

Contro l  o f  Radloact lve l {astes and Residues

I n t e r l o  S t o r a g e
Long-Teru Managenent

J .

2.

DOE Order  5480.J. f ' '
40 CFR Fart 192!

40 CFR Par t  192,
p roposed  AJ {S I  l r l 3 . l 2 .

DOE Order  5480.  lA
40 CFR Part 192
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Excep t i ons

Procedure
App11eab i11 tY

40 CFR Part 192
/r0 CFR Part L92

' ! / f . nu  bases  o f  t he  res ldua l  con tamlna t l on  c r l t e r l a  a re  deve loped  1o

ORO-E3l as supplesented and 0R0-832'

3/g"r"a on l iult lng the concentratlon of radon-222 decay Product's to

0 .03  WL t t l t h in  s t ruc tu res .
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